Heterointerfaces introduce unique localized defects into ionic conductors. This study explores the nanoionic characteristics exhibited by the proton-conducting oxides SrZr 0.9 Y 0.1 O 3-δ and SrCe 0.95 Yb 0.05 O 3-δ including finely dispersed precipitated platinum nanoparticles. The electrical conductivity of both the platinum-doped oxides revealed reversible nanoionic phenomena caused by the exsolution of the platinum in the form of platinum nanoparticles, at 0.5 vol% relative to the metal oxides, and dissolution in response to a change in gas atmosphere. In comparison with the original conductivity of SrZr 0.9 Y 0.1 O 3-δ and SrCe 0.95 Yb 0.05 O 3-δ , the conductivity of platinum-doped SrZr 0.9 Y 0.1 O 3-δ decreased significantly in a wet hydrogen atmosphere, whereas platinum-doped SrCe 0.95 Yb 0.05 O 3-δ showed almost no decrease in conductivity in the same atmosphere. The different responses of the two materials to the change in gas atmosphere are discussed in relation to the precipitation of platinum nanoparticles.
Introduction
Solid oxide ionic conductors are major components in electrochemical devices, such as fuel cells and steam electrolyzers [1] [2] [3] [4] . The ionic conductivity of these solid oxides is proportional to the product of the concentration and mobility of their ionic charge carriers. The design of such materials should therefore focus on increasing one or both of these properties. Point defects are chemical species that work as ionic charge carriers [5] , and chemical compositions are chosen to increase their concentration. Mobility is related to crystal symmetry and lattice constants [6] , and thus, the crystal structure is an important factor in mobility.
A reported approach to increase ionic conductivity is the use of heterointerfaces [7] [8] [9] [10] . At the interface of two materials with different work functions, a space-charge layer forms that alters the defect equilibria and changes the charge-carrier concentration. Another possibility is the generation of strain at the interface, which changes the mobility and defect concentration of ionic charge carriers. These effects can be used to enhance the ionic conductivity in this class of materials. This study investigated changes in the electrical properties of proton-conducting oxides upon homogeneously dispersing platinum nanoparticles. The change is compared between two different prot o n c o n d u c t o r s : S r Z r 0 . 9 Y 0 . 1 O 3 -δ ( S Z Y ) a n d SrCe 0.95 Yb 0.05 O 3-δ (SCYb); the reason for the choice of these is mentioned at the end of this section.
Proton conductivity in SZY (SCYb) originates from the trivalent cation Y 3+ (Yb 3+ ) being substituted for Zr
4+
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(Ce 4+ ) at the B site of the A 2+ B 4+ O 3 perovskite structure to generate oxygen vacancies, where the following defect equilibria hold:
Here, V
••
O ; O Â O ; h • , and H
• i are described using Kröger-Vink notation, denoting oxygen vacancies, lattice oxygen, electron holes, and protons, respectively. H
• i is covalently bonded to one lattice oxygen while interacting with other neighboring oxygen atoms via hydrogen bonds, and can move by changing the covalent/hydrogen bonding oxygen [11] . The sum of the two equilibrium equations yields the following:
Thus, the formation of a protonic charge carrier is, overall, the result of hydration of an oxide-ion vacancy. By applying the following equilibrium for water formation in Eqs. (2) to (4), we can obtain Eq. (5).
These defect equilibria indicate that several conduction species can serve as charge carriers, depending on the gas atmosphere and temperature. As shown in Eq. (3), the concentration of protons is a function of the partial pressure of water vapor and is approximately independent of the partial pressure of oxygen [12] [13] [14] . An exception is the increase in the proton concentration in strontium cerate upon the decrease in the partial pressure of oxygen [15, 16] and is discussed in later section. The equilibrium in Eq. (3) will shift to the left as temperature increases and is accompanied by the appearance of an oxide ion contribution as the charge carrier. In this report, all measurements are carried out under conditions where the proton is assumed to be the major charge carrier. To ensure that this criterion is satisfied, the transport numbers of proton and oxide ions in SZY and SCYb were experimentally determined by hydrogen and steam concentration cell measurements, and are consistent with results reported previously [17] [18] [19] .
We have reported that a solid solution of platinum in SZY can be prepared by adding a platinum complex to an aqueous precursor during wet chemical synthesis of the material [20, 21] . The obtained material reversibly exsolved metallic platinum as nanoparticles from the crystal lattice upon exposure to a reducing atmosphere, and dissolved them back into the crystal lattice under an oxidizing atmosphere. Generation of platinum nanoparticles at 0.5 vol% platinum in SZY upon exposure to a reducing atmosphere leads to a significant reduction in electrical conductivity compared with the original conductivity of undoped SZY. The reduction in conductivity can be explained by the formation of a space-charge layer formed at the interface of the SZY phase with the platinum nanoparticles, as schematically shown ( Fig. 1 (a) and (a′)) . If the Fermi level of SZY is originally lower than that of platinum, SZY will be negatively charged at the interface with platinum to match the Fermi level. The hole concentration in SZY then decreases, and the proton concentration also decreases to maintain the equilibrium shown in Eq. (5) [20, 21] . It is reasonable to assume the equilibrium of ionic defects, i.e., the electrochemical potentials of the ionic species should be equalized between the Pt and oxide phases. Since the ionic species such as protons cannot exist in platinum apparently, the equilibrium will be achieved virtually with only a small concentration change to reach their equilibriums between the two phases. Hence, formation of space charge associated with their movement can be ignored in effect, and thus, we can consider that the space charge is presumably derived from the equilibrium of the Fermi level.
Depletion of the protonic charge carriers may affect both the conductivity and the electrocatalytic activity of the platinum electrodes used in proton-conducting materials. It has been reported that platinum electrodes perform inadequately when used in combination with SZY [22] . This could possibly be attributed to the depletion of protonic charge carriers at the interface with the platinum electrode where the electrode reaction occurs. The electrode activity of platinum is not always poor for proton conductors. In fact, platinum electrodes work well with SCYb [17, 18, 22] . This observation suggests that a platinum interface may work differently with strontium cerate. In this study, the materials used were selected based on the reported platinum electrode overvoltage for SZY and SCYb [22] . We investigated the abovementioned nanoionic phenomena on SCYb to understand these effects in comparison with the SZY results. O) , and ammonium nitrate (Kishida Chem. Co., Ltd., 99.0%) were also added to promote polymerization and combustion. The solution was heated under constant stirring until ignition occurred. The obtained powder was calcined in air for 10 h at 1100°C and then subjected to planetary ball milling in ethanol for 1 h. The dried and sieved powder was molded into disks or rectangular bars, isostatically pressed at 250 MPa, and then sintered in air for 10 h. The diskshaped SZY and SCYb samples, which were used to investigate transport numbers, were sintered at 1600°C. For the platinum-containing specimens, platinum was expected to dissolve into a solid solution during sintering in air. To find the appropriate sintering temperature, Pt-SCYb was sintered at different temperatures and the presence or absence of platinum precipitation was examined using X-ray diffraction (XRD Ultima IV, using Cu-Kα radiation X-ray source). SZY and Pt-SZY were sintered at 1350°C, as previously reported [21] , whereas SCYb and Pt-SCYb were sintered at 1150°C, as determined in this work. Transmission electron microscopy (TEM JEM-3200FSK) was used at 300 kV to observe the precipitated platinum in Pt-doped SCYb after exposure to wet 1% H 2 .
Experimental

Determination of transport numbers
The transport number for a conducting species, i, is defined
where t i and σ i are, respectively, the transport number and partial conductivity of species i and σ T is the total conductivity. The following electrochemical cell consisting of metal electrodes and a dense specimen was used in determining the ionic and electronic transport numbers: indicates the partial pressure of water vapor or hydrogen introduced in the electrode compartment I or II. A disk-shaped electrolyte (diameter approx. 13 mm; thickness approx. 0.5 mm) with porous platinum electrodes was placed between the ceramic tubes with glass gaskets (Corning Pyrex 7740) to construct the test cell. In order to melt the glass, the components were heated at 950°C. Fig. 1 Schematic diagram of band bending models. (a) Before contact, E F, metal is larger than E F, oxide , and (a′) after contact, the hole concentration of oxide decreases in the vicinity of the heterointerface. (b) Before contact, E F, metal is the same as E F, oxide , and (b′) after contact, the hole concentration of oxide is maintained in the vicinity of the heterointerface. (c) Before contact, E F, metal is smaller than E F, oxide , and (c′) after contact, the hole concentration of the oxide increases in the vicinity of the heterointerface
The EMF of the cell is expressed by the following equation [23] :
where R, T, and F are the gas constant, temperature, and Faraday constant, respectively.
, the first term in Eq. (7) is zero, and so, the EMF refers to the total ionic transport number, that is,
Experimentally, the hydrogen partial pressure was controlled by dilution with argon, to yield p
, the second term in Eq. (7) is zero, and so, the EMF responds to the oxide-ion transport number, that is,
Electrical conductivity measurement
The electrical conductivity was measured by an AC fourprobe method on a rectangular bar specimen (12 mm × 3 mm × 1 mm) in the temperature range of 400-800°C. Porous platinum electrodes were prepared by applying platinum paste which was subsequently annealed in air at 950°C and attached to a platinum lead wire. Gas streams of 21% O 2 -Ar, Ar, and 1% H 2 -Ar were applied sequentially for the conductivity measurement. All gases were humidified with water vapor at a pressure of 1.9 kPa (1.9% of the inflow gases). Electrochemical impedance spectroscopy (EIS) measurements were carried out on all samples, beginning with a wet argon atmosphere. Samples were heated at a ramp rate of 5°C/min to 400°C, and the temperature was held until the resistance value stabilized. Then, the impedance measurement was conducted as the gases were changed in the order air → Ar → 1% H 2 → Ar → air while maintaining the water vapor pressure at 1.9 kPa. This was repeated from 800°C down to 400°C at intervals of 100°C. All conductivity measurements were carried out with a VersaStat 4 (Princeton Applied Research) in a frequency range of 1 × 10 6 to 1 Hz.
Photoelectron spectroscopy
UPS measurements were performed to evaluate the work functions of SZY and SCYb using a PHI 5000 VersaProve II (ULVAC-PHI.inc). The UPS spectra were collected using a He I source (hν = 21.2 keV) with a 2.950 eV pass energy and at 0.005 eV energy steps. Gold wires were attached to the samples to prevent charging. To remove contaminants at the surface of SZY and SCYb, Ar + sputtering was performed for 5 min prior to the UPS measurement. The voltage was applied from an external power supply to avoid obscuring cutoff energy.
Results and discussion
Ionic and protonic transport numbers in SZY and SCYb
The results of the hydrogen-and steam-concentration cells conducted on SZY and SCYb are shown (Figs. 2 and 3 , respectively). The experimental results for the EMF of the hydrogen-concentration cells were in good agreement with those calculated using the Nernst equation. This indicates a unique ionic conduction, and the electronic conductivity is negligible in a wet-hydrogen atmosphere. The results of the steam-concentration cell test show that SZY and SCYb have a lower oxide-ion transport number than proton transport number (Table 1) . Based on these results, the effect of platinum precipitation on the conductivity of SZY and SCYb was investigated at 800°C or lower where proton conduction was dominant.
Phase identification of Pt-SCYb by XRD
The XRD patterns of Pt-SCYb sintered at different temperatures are provided (Fig. 4a, b) , and all show a singlephase perovskite-type structure. The lack or presence of the platinum peak at 2θ = 39.8° (Fig. 4b) indicates that the sintering temperature of 1150°C causes no precipitation of metallic platinum, and that temperatures of 1200°C or higher cause the precipitation of metallic platinum particles as a secondary phase. The color of the specimen is consistent with either the absence or presence of the platinum precipitates. When sintered at 1150°C or lower, the color remained pale yellow which is indicative of the absence of platinum precipitates. Sintering at 1200°C or higher changes the color to dark brown or black, indicating the presence of platinum precipitates. As described above, platinum must be dissolved into the perovskite phase at the stage of sintering in air to form platinum nanoparticles for conductivity to be measured in different gas atmospheres. Therefore, the following electrical conductivity measurement was carried out using samples sintered at 1150°C for Pt-SCYb and SCYb. Pt-SZY and SZY were prepared as described previously and sintered at 1350°C, and the color of Pt-SZY is blue caused by a solid solution platinum as reported as [21] , and the color of SZY is white. The relative densities of the specimens were as follows: Pt-SCYb, 70.2%; Pt-SZY, 83.7%; SCYb, 69.7%; and SZY, 59.8%. These comparatively high relative densities on platinum-doped samples may be caused by the platinum which might work as a combustion-promoting catalysis. The lattice constants and cell volume of these samples are summarized in Table 2 .
Effect of dissolved/precipitated platinum on the electrical conductivity of SZY and SCYb Figure 5 compares the electrical conductivity of Pt-SZY and Pt-SCYb with the platinum-free oxides at 800°C in changing inflow gases (p H 2 O = 1.9 kPa), together with photos of PtSCYb annealed in each atmosphere. The grain boundary blocking is often a problem in such perovskites, especially with the zirconate system; however, the effect is less severe in this measurement temperature (800°C). The following equation was used to correct the measured electrical conductivity with the limited relative density to the full-density conductivity:
where σ mea , σ ful , and d rel are the measured conductivity, fulldensity conductivity, and relative density, respectively [24] . As shown (Fig. 5a ), Pt-SZY and SZY have similar conductivity in wet air and argon atmospheres, but the conductivity of Pt-SZY showed a significant drop when the atmosphere changed from wet argon to wet 1% H 2 . On the other hand, undoped SZY showed no significant drop in conductivity upon the change between wet argon and 1% H 2 gases. Consequently, in 1% H 2 , the conductivity of Pt-SZY was approximately one fifth of that of undoped SZY. In the case of (a) ( Pt-SZY, we previously reported that platinum nanoparticles are precipitated out in a wet 1% H 2 atmosphere homogeneously in the bulk, as confirmed by TEM and XAFS measurements, resulting in a color change of the specimen (shown in the inset of Fig. 2 in ref. [21] ). We also reported the observed development of a negatively charged space-charge layer in SZY at the interface with metallic platinum through the use of electron holography (Fig. 5 in ref. [21]). We explained that the decrease in conductivity can be attributed to the formation of a negatively charged space-charge layer accompanying the depletion of protons in SZY at the interface with the platinum nanoparticles [20, 21] (illustrated in Fig. 1 (a′) ).
Change in the conductivity of Pt-SCYb and SCYb in response to the change of the gas atmospheres is shown in Fig.  5b . The conductivity of Pt-SCYb is lower than that of SCYb in wet air and argon. Upon the change of the gas to wet 1% H 2 , both the conductivities of Pt-SCYb and SCYb increase and the extent of the increase is larger in Pt-SCYb. In regard to the increased conductivity of undoped SCYb in wet hydrogen atmosphere, Bonanos and Pollsen explained this phenomenon that exposure to hydrogen results in the reduction of Ce 4+ to Ce 3+ , and the reduced cerium does not lead to the apparent development of n-type conductivity but works as the acceptor to increase the proton concentration [15, 16] . On the other hand, the color of the Pt-SCYb specimen turned to dark brown upon exposure to 1% H 2 , suggesting the formation of precipitated platinum nanoparticles. The result of TEM observation of the Pt-SCYb after exposure to 1% H 2 (Fig. 6) shows that platinum nanoparticles were precipitate in the bulk similar to Pt-SZY. Therefore, the markedly larger increase of the PtSCYb than SCYb upon exposure to wet 1% H 2 is attributed to the effect of precipitation of the platinum nanoparticles. In Fig. 5b , we can see two-stepwise change in conductivity for the change of the gas atmosphere from Ar to 1% H 2 in PtSCYb. The relaxation of the conductivity may thus include equilibration of the defects to the change of gas atmospheres and the influence from the precipitation of platinum.
One possible explanation for the increased conductivity in 1% H 2 from that in Ar is that the precipitation of platinum nanoparticles appears to result in a conductivity enhancement, corresponding to the case shown in Fig. 1 (c′) . Comparison of the conductivities of Pt-SCYb and SCYb (Fig. 5b) , however, leads to a different conclusion. Firstly, the conductivity of the specimen with a solid solution of platinum was approximately one order of magnitude lower under air and argon atmospheres relative to that of undoped SCYb. Secondly, in the wet 1% H 2 atmosphere, the conductivity of Pt-SCYb reached a level similar to that of SCYb. From these, the apparent increase in conductivity upon the gas change from argon to 1% H 2 can be partly explained by the decreased conductivity ig. 4 XRD patterns of Pt-SCYb sintered at different temperatures from 1100 to 1600°C, a in the range of 2θ = 10°to 80°and b magnification at around 2θ = 40°9 of Pt-SCYb in air-argon atmosphere via the dissolution of platinum into SCYb. Recovery of the conductivity to approximately the same level of SCYb can be achieved upon exposure in 1% H 2 atmosphere. The Arrhenius plot of the conductivity of Pt-SCYb and SCYb in wet argon and wet 1% H 2 is shown (Fig. 7) . The conductivity was determined by waiting until the value stabilized, and thus, the values are different from those shown in Fig. 5 , particularly in the case of the conductivity of SCYb in wet 1% H 2 . The trend explained above is also applicable for the conductivity of Pt-SCYb, which is lower in argon and similar in 1% H 2 to that of SCYb throughout the range of temperatures used in the experiment.
In regard to the effect of platinum dissolution on the conductivity, Shimura et al. reported that the electrical conductivity of BaCe 0.9 Y 0.1 O 3-δ perovskite oxide was reduced in an oxidative atmosphere with a dissolved transition metal [25] . We obtained similar results with various perovskites [26] . (This work is under submission, and the selected results are shown in supporting information in Fig. S1 ). The conductivity is decreased in many cases, while the conductivity is almost unchanging in some cases, by the doping of transition metals, and the degree of conductivity degradation differs by the sort of transition metals and perovskites with no systematic correlation. It is possible to assume that Pt dissolution is working in the same way as thus the transition metal, i.e., the proton conductivity is highly degrading in the case of SCYb and less degrading in the case of SZY.
The increased conductivity of Pt-SCYb upon exposure to 1% H 2 can be explained by generation of electronic charge carriers. However, the temperature dependence of the conductivity of Pt-SCYb in 1% H 2 is similar to that of SCYb (Fig. 7) . In addition, as depicted in Fig. 8a, b , the impedance plot of Pt-SCYb and SCYb is similar in both shape and frequency. These suggest that the charge carriers of Pt-SCYb are the same as those in undoped SCYb in 1% H 2 , namely protons with oxide ions as a minor component. To ensure this understanding, we tried to increase the relative density of Pt-SCYb and a change of the preparation condition and increase in the amount of added ammonium nitrate, resulted in the high densification to allow the use for the hydrogen-and steam-concentration cell test. The result is shown (Fig. 9) , and the obtained transport numbers are summarized ( Table 1 ). The results indicate that the Pt-SCYb in hydrogen atmosphere, i.e., the platinum nanoparticle-precipitated SCYb, has negligible electronic conductivity and the charge-carrier species are almost the same as those in Pt-undoped SCYb. It is thus conclusive that the increased conductivity of PtSCYb is accounted by the proton conduction with minor contribution of oxide ion in the same level as those in the original Pt-undoped SCYb. For Pt-SCYb, the conductivity in the second argon and air atmospheres does not recover to exactly the same value unlike in the case of SCYb. We believe that the precipitation and dissolution of platinum in the Pt-SCYb perovskite structure may have a mechanically or chemically destabilizing effect on the bulk structure.
In the case of Pt-SCYb, the introduction of heterointerfaces with platinum nanoparticles upon exposure to 1% H 2 led to almost no decrease in conductivity relative to that of SCYb. This is a marked difference from the Pt-SZY case in which the protonic conductivity decreased, presumably because of the heterointerfaces with platinum nanoparticles in 1% H 2 . The depletion of protonic charge carriers in Pt-SZY has been assumed to be 
C°C°F ig. 5 Electrical conductivity measurements for a Pt-doped/undoped SZY and b Pt-doped/un-doped SCYb as a function of time in wet Ar, air, and 1% H 2 gas atmospheres (p H2O = 1.9 kPa). The plotted conductivities were corrected to the full-density conductivity by applying Eq. (9) the cause for the reduced conductivity ( Fig. 1 (a′) ). If this assumption is correct, then there is no effect on SCYb in regard to the proton concentration on the formation of platinum nanoparticles. This result is consistent with the high electrocatalytic activity of platinum electrodes on SCYb in comparison with that on SZY [22] . One possible explanation, based on the band bending model (shown in ref. [20] and in Fig. 1 ), is that the work functions of SCYb and metallic platinum are very close to each other so that no electron transfer at the Pt/SCYb interface will take place. Thus, the SCYb phase is not electrically charged, resulting in no change in the proton concentration, as seen with the case shown in Fig. 1 (b′) . To see if this assumption is true, the work function of SZY and SCYb was measured by UPS reported in the next section. Figure 10a shows the UPS spectra of SZY with − 5.0 eV applied by an external power source. For p-type semiconducting oxides, the work function cannot be estimated directly, and the obtained spectra indicate only the ionization energy of the oxide by the following equation:
Determination of work function by UPS
where E i , h, ν, E cutoff , and E VBM are the ionization energy, Plank constant, frequency, cutoff energy, and the top of valence band energy, respectively. The energetic relationship among these parameters is shown (Fig. 11 ). E cutoff and E VBM were obtained from the intersection of the extrapolation of the highest-energy edge and lowest edge and the baseline of the UPS spectra. In SZY, E cutoff, SZY and E VBM, SZY were estimated at 12.68 eV and − 1.32 eV, respectively, and so, E i, SZY was calculated at 7.2 eV from Eq. (10). The Fermi level of SZY, which is a p-type semiconductor, is located near the acceptor level. When the Fermi level is higher than the top of the valence band by 1.0 V, the work function of SZY can be estimated to be approximately 6.2 eV. How the change in the top of the valence band relative to Fermi level, expressed by ΔE, affects the concentration of electronic defects, i.e., electron hole in this case, can be estimated from Eq. (11).
where p 0 is the concentration of electron hole and p is that after the shift of the top of the valence band by ΔE. k B and T are Boltzmann constant and absolute temperature. According to the UPS results, the gap of E VBM, SZY − E F, SZY of bulk is − 1.0 eV, and E VBM, SZY − E F, SZY of interface is − 1.6 eV, and thus, ΔE SZY is 0.6 eV. By applying Eq. (11), the hole concentration differs by three orders of magnitude between the bulk and interface. Proton is in equilibrium electron hole represented by Eq. (5), and thus, its concentration is lowered at the interface with platinum. Figure 10b shows the UPS spectra of SCYb with − 5.0 eV applied by an external power source. In SCYb, E cutoff, SCYb and E VBM, SCYb were estimated at 12.19 eV and − 1.51 eV, respectively, and E i, SCYb was calculated at 7.5 eV. Therefore, the work function of SCYb can be estimated to be 6.5 eV. The work function of platinum is 5.6 eV [27] which is smaller than that of SZY and SCYb, and so, both materials should be equally negatively charged at the interface with platinum nanoparticles. We have assumed in the above section that the Fermi levels are similar between SCYb and Pt ( Fig. 1 (b  ′) ), but this is not the case, and the illustration shown in Fig. 1 (a′) is applicable for Pt/SZY and for Pt/SCYb.
Based on these experimental results, another explanation is needed that satisfies the assumption that no depletion of protonic charge carriers occurs under negative charges for the case of SCYb, shown in Fig. 1 (a′) . In the case of Pt-SZY, the negative charge is considered to be compensated by reduction of electron hole concentration and according proton depletion as explained above. One possibility for little depletion of proton in SCYb is that instead of electron hole, Ce 4+ can accept the negative charge (i.e., electron from platinum) to be reduced to Ce 3+ , compensating the development of negatively charged space-charge layer in Pt-SCYb to maintain the proton concentration. Ce 4+ can be reduced more easily than Zr 4+ , and this difference may lead to a change in conductivity. Density functional theory calculations are currently being carried out to examine this hypothesis; the obtained partial DOS of strontium cerate and zirconate is represented as supporting information (Figs. S2 and S3 ). According to the pre-calculations, both Zr 4d and Ce 4f orbitals form hybrid orbitals with O 2p at both the conduction band and the valence band. One possibility is that Ce 4+ can receive electrons from platinum in order to compensate for the negative charge and prevent a decrease in proton concentration. This speculation is consistent with the explanation made by Bonanos and Pollsen for the increasing conductivity of SCYb by decreasing partial pressure of oxygen to be originated by Ce 3+ that works as acceptor to increase the proton concentration [15, 16] . Although more detailed study on this will be necessary, reduction of cerium for the compensation of the negative charge developed in SCYb at the interface is a possibility to explain the experimentally observed maintenance of proton conductivity in contact with platinum, which is the most significant finding in this report in comparison with Pt-SZY case.
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Conclusion
The effect of platinum precipitation/dissolution at the heterointerfaces of SCYb and SZY proton-conducting perovskites was investigated. Contrary to the observations for Pt-SZY, Pt-SCYb showed a relative increase in electrical conductivity upon changing the gas atmosphere from wet Ar to 1% H 2 . However, this increase was attributable not to a positive effect of platinum at the interface, but rather to recovery of the conductivity to the original SCYb in a wet hydrogen atmosphere. The UPS results indicate that both SZY and SCYb have a higher work function than platinum, and hence, the oxides should be negatively charged in the vicinity of the platinum/oxide heterointerfaces. This work has demonstrated that the Pt/SZY interface causes decrease in protonic charge carriers, in contrast to the Pt/SCYb interface, which does not affect the proton conductivity. The reason for this marked difference between Pt-SZY and Pt-SCYb is still not clear, and how SCYb can be negatively charged without losing proton conductivity is a question for future study.
